We report a rare case of hepatic angiomyolipoma with minimal fat content. The low fat content led to an incorrect preoperative diagnosis. A 38-year-old man who was a carrier of hepatitis B virus infection incidentally presented with a hepatic tumor. His serum alpha-fetoprotein level was normal. Ultrasonography revealed a well-circumscribed, heterogeneous hypoechoic nonencapsulated liver tumor measuring 34 × 24 mm. Precontrast computed tomography (CT) did not reveal fatty attenuation in the lesion. Contrast-enhanced CT revealed a hypervascular nonencapsulated tumor in the arterial phase and moderate washing out of the contrast medium in the portal phase. A hypervascular tumor was observed on CT hepatic arteriography, and complete washing out of the contrast medium on CT during arterial portography. These findings are compatible with hepatocellular carcinoma. The tumor exhibited low signal intensity on T1-weighted images and high signal intensity on T2-weighted images; no hypointensity was observed on fat suppression images. The patient underwent left hemihepatectomy because of a preoperative diagnosis of hepatocellular carcinoma. The histopathological diagnosis was a hepatic angiomyolipoma with 5% fat content. Low fat content makes the diagnosis of this condition difficult. The absence of serum tumor markers and the presence of a nonencapsulated hypervascular tumor may facilitate the accurate preoperative diagnosis of hepatic angiomyolipomas that have a low fat content and mimic hepatocellular carcinoma.
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Introduction
Angiomyolipomas (AMLs) are benign mesenchymal tumors that usually involve the kidney and rarely the liver. Hepatic AMLs are composed of varying portions of fat, epithelioid and spindled smooth muscle cells, and thick-walled blood vessels; these tumors were first described in 1976 by Ishak [1] . The liver is the second most common site of AMLs; hepatic AMLs show an obvious female predominance and occur in patients in widely varying age groups. Patients with hepatic AMLs are usually asymptomatic; the tumor is often found incidentally during health check-ups or medical examinations for other diseases. Patients with large AMLs show symptoms caused by tumor compression [2, 3] .
Recent advances in imaging modalities and a better understanding of hepatic AMLs have led to an increase in the reported number of cases of this disease. To date, approximately 200 hepatic AMLs have been reported [4] . The imaging features of hepatic AMLs depend on the relative proportions of the tumor components [2] . Accurate preoperative diagnosis of hepatic AMLs is difficult because of their rarity and variable imaging features. It is extremely important to distinguish hepatic AMLs from hepatocellular carcinomas (HCCs) in regions that are endemic for HCC. In most cases, the fat content of hepatic AMLs produces a characteristic appearance on imaging studies, thereby enabling the preoperative differentiation of hepatic AMLs from HCCs [5] . Pathologic diagnosis is made by identification of the three components of AMLs and by positive staining with homatropine methylbromide-45 (HMB-45) [6] . Hepatic AMLs are benign tumors and often grow slowly without producing any clinical symptoms. Recently, however, extremely rare cases of hepatic AMLs with spontaneous rupture, tumor recurrence, and vascular invasion were reported [3] . We report a rare case of asymptomatic hepatic AML with minimal intratumoral fat content. The low fat content led to an incorrect preoperative diagnosis.
Case Report
A 38-year-old Japanese man was admitted to our hospital for further examination of a hepatic tumor that had been found incidentally during examinations for another medical condition. He had no symptoms due to the liver tumor. He tested positive for hepatitis B surface antibody, hepatitis B envelope antibody, and hepatitis B core antibody and negative for hepatitis B surface antigen, hepatitis envelope antigen, and hepatitis C virus antibody. These findings indicate that the patient was a carrier of hepatitis B virus infection. The results of liver function tests were within the normal ranges, and serum tests for tumor markers, such as alpha-fetoprotein, protein induced by vitamin K absence or antagonist-II (PIVKA-II), carcinoembryonic antigen, and carbohydrate antigen 19-9, were negative.
Abdominal ultrasonography (US) revealed a well-circumscribed, heterogeneous hypoechoic tumor with a hyperechoic central area; the tumor measured 34 × 24 mm and was located in segment 4 of the liver ( fig. 1a) . Precontrast computed tomography (CT) showed a homogenous, slightly low-attenuated, and well-defined nodule (diameter 27 mm); no fatty attenuation was visible within the lesion ( fig. 1b) . On contrast-enhanced CT, a hypervascular tumor was observed in the arterial phase and moderate washing out of the contrast medium in the portal phase ( fig. 1c, d ). A hypervascular tumor was observed on CT hepatic arteriography and complete washing out of the contrast medium on CT during arterial portography ( fig. 1e, f) . Magnetic resonance imaging (MRI) revealed a tumor with low signal intensity on T1-weighted images, high signal intensity on T2-weighted images, and no hypointensity on fat suppression images ( fig. 2a, b) . Angiography showed that the tumor was hypervascular ( fig. 2c) . No tuberous sclerosis and renal AML were found on physical examination and imaging tests.
The patient underwent left hemihepatectomy because of a preoperative diagnosis of HCC. During surgery, a soft elastic tumor was observed over the left lobe of the liver, which was not cirrhotic. The cut surface of the resected specimen was yellowish to tan and round; the tumor was 28 mm wide and nonencapsulated with clear margins (fig. 3a) .
On pathological examination, the tumor was found to be composed almost exclusively of epithelioid smooth muscle cells that exhibited a trabecular growth pattern, few thick-walled blood vessels, and few adipose cells (fig. 3b) . The fat component accounted for only 5% of the largest cut surface area of the tumor ( fig. 3c) . On immunohistochemical analysis, the epithelioid smooth muscle cells were positive for HMB-45 ( fig. 3d) . On the basis of these findings, the tumor was diagnosed as a hepatic AML. The patient recovered uneventfully and was discharged 8 days after the operation. He is alive and has not shown any evidence of tumor recurrence for 2 years after the operation.
Discussion
Hepatic AMLs are composed of three components, namely fat, blood vessels, and smooth muscle cells, in varying proportions. Depending on the predominant component, hepatic AMLs are categorized into mixed, lipomatous (≥70% fat), myomatous (≤10% fat), and angiomatous types. The mixed type of hepatic AML is common [7] . This heterogeneity makes preoperative diagnosis by imaging and needle biopsy difficult. The fat component of AMLs varies from 5 to 90% of the total volume [8] . The visualization of fat and blood vessels is the most important radiographic feature of AMLs [6] . Thus, the typical imaging features of hepatic AMLs include (a) highly heterogeneous echogenic appearance on US, (b) mixed low density (CT attenuation values <-20 HU), (c) high signal intensity on T1-and T2-weighted images, and (d) abundant vessels and tumor staining on angiography [8] . In addition, the radiological demonstration of a nonencapsulated lesion with central vessels may facilitate the preoperative diagnosis [9] .
MRI is more sensitive than CT in detecting fat, which appears hypointense on fat suppression images [10] . Therefore, most hepatic AMLs can be conclusively diagnosed using imaging modalities, provided the tumors have a sufficient fat content. Occasionally, it is difficult to distinguish hepatic AMLs from other fat-containing hepatic tumors, such as HCC with fatty metamorphosis, lipoma, and liposarcoma. Hepatic AMLs with low fat content are difficult to diagnose. Tumors that are composed predominantly of myomatous elements are most likely to be incorrectly diagnosed [9] . It is especially difficult to differentiate HCCs from myomatous hepatic AMLs on histology when the latter exhibit trabecular growth patterns [11] , as in the case of our patient. Some authors have reported cases of hepatic AMLs with low fat contents and atypical appearances on preoperative imaging tests [12] .
On dynamic CT or MRI studies, hepatic AMLs are markedly enhanced in the arterial phase and enhancement persists in the venous phase, depending on the vascularity of the tumor. Such hepatic AMLs should be differentiated from HCCs and cavernous hemangiomas. Ren et al. reported the typical findings of hepatic AMLs: on contrast-enhanced CT, 21 (92%) of 26 hepatic AMLs were markedly enhanced in the arterial phase, and 18 (69%) remained enhanced in the venous phase. Prolonged enhancement in the venous phase indicates the proliferation of blood vessels [2] . Ahmadi et al. reported that hepatic AMLs show early and prolonged enhancement (>4 min) with delayed peak enhancement at 40-80 s as opposed to HCCs, which show peak enhancement at 10 s and absent or minimally delayed enhancement [13] . Differences in intratumoral hemodynamics between AMLs and HCCs greatly facilitate the distinction between these two conditions. Yoshimura et al. angiographically determined that hepatic AMLs are drained by the hepatic veins [9] . Further, they suggested that early venous drainage by the hepatic veins can be used to distinguish hepatic AMLs from HCCs, because the latter are drained by the portal veins.
Despite the existence of several characteristic imaging features of hepatic AMLs, the rate of correct preoperative diagnosis using imaging studies with or without needle biopsy has been reported to be 30-50%, even in recent studies [3] . This low rate of diagnosis can be attributed to the rarity of these tumors and the variations in the proportions of their three components. In this case, we were unable to differentiate a hepatic AML from a typical HCC because of the low fat content of the tumor. Hepatic AMLs are usually not associated with hepatitis virus infections or hepatic dysfunction. It is possible that our patient was a carrier of hepatitis B virus infection. Postcontrast CT scans revealed a heterogeneous enhanced tumor in the arterial phase and washing out of the contrast medium from the tumor in the portal venous phase. These findings are typically observed in HCC [14] . The abdominal US, CT, and MRI findings in this case supported a diagnosis of HCC, even though capsule formation was not detected (approximately 70% of HCCs with a diameter >2 cm are encapsulated) [15] .
In conclusion, the low fat content of hepatic AMLs impedes the preoperative imaging diagnosis of these tumors. Owing to the heterogeneity of hepatic AMLs, needle biopsy is not sufficient for preoperative diagnosis. Further, it may pose a risk of peritoneal metastasis if a malignant tumor is present. The normal levels of serum alpha-fetoprotein and PIVKA-II, the visualization of a nonencapsulated and hypervascular tumor and moderate washing out of the contrast medium in the portal phase of contrast-enhanced CT are helpful for the correct preoperative diagnosis of hepatic AMLs that contain little fat and mimic HCC. In such cases, careful observation is recommended for patients with poor hepatic reserve and for elderly patients. However, for other patients, surgical treatment should be considered the first-line treatment if a malignancy cannot be ruled out. Fig. 1 . a Abdominal US revealed a well-circumscribed, heterogeneous hypoechoic tumor (arrow) with a central hyperechoic area. The tumor measured 34 × 24 mm and was located in segment 4 of the liver. b A precontrast CT scan showed that the lesion was a homogenous well-defined nodule with slightly low attenuation. The tumor had a diameter of 27 mm, and no fatty attenuation was visible within the lesion. c, d Contrast-enhanced CT revealed a hypervascular tumor in the arterial phase (c) and moderate washing out of the contrast medium in the portal phase (d). e, f A hypervascular tumor was observed on CT hepatic arteriography (e) and complete washing out of the contrast medium was observed on CT arterioportography (f). Fig. 2 . a, b MRI revealed a tumor with low signal intensity on T1-weighted images (a) and high signal intensity on T2-weighted images, without any hypointensity on fat suppression images (b). c Angiography revealed an enhanced tumor in segment 4 of the liver. The tumor appeared hypervascular. Fig. 3 . a The cut surface of the resected tumor appeared yellowish to tan and round with clear margins. No capsule was seen, and the diameter of the tumor was 28 mm. b, c Hematoxylin and eosin staining of the tumor showed that the tumor was almost exclusively composed of epithelioid smooth muscle cells that exhibited a trabecular growth pattern, few thick-walled blood vessels (arrow), and few adipose cells (b). The fat component accounted for only 5% of the largest cut surface area of the tumor (c). d On immunohistochemical analysis, the epithelioid smooth muscle cells were positive for HMB-45.
